T HE present review is the exposition of a series of recent investigations in quantitative biocoenology. Its object is to demonstrate certain principles of an experimental approach to the structure of the associations of organisms or biocoenoses. In the study of these associations in the past, investigators laid stress on the morphological side, and scarcely felt the need for applying here an experimental, analytical method. However, it would be as illogical to limit oneself to the morphological investigation of the biocoenosis as to study an aeroplane as though it were an inert and static machine. It is now beginning to be generally recognized that the biocoenosis as a dynamic unit possessing a primitive organization ought to be studied with the aid of the analytical as well as the morphological method.
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If a separation of the morphological point of view from the functional one was to a certain extent justified in the past development of cytology, and idiobiology in general, there does not seem to be any such justification in modern biocoenology. The laws of form depend here so evidently on the dynamics that any attempt to establish the properties of a structure independently of its transformations is destined to failure. But in our usual observations under natural conditions the complexity of the environment prevents the drawing of reliable conclusions as to the causes of the transformations. Great opportunities are therefore given here to the experimental method, which can be applied in nature as well as in the laboratory. The technical possibilities of experimentation in biocoenology are extremely great. We can directly see how the separate components and elementary processes of the struggle for existence become organized into a whole, and how the laws of form evolve out of the laws of dynamics.
In the present review the mode of approach to the study of organization of the biocoenosis is decidedly an analytical one. At the same time we emphasize the fact that we are only concerned with the principles of organization, and that there remains a great deal of experimental work for their further concretization. The literature on the elementary processes of competition between the components of a biocoenosis has been already summarized by me in The Struggle for Existence (I934) and Ve'rifications experimentales de la the'orie mathematique de la lutte pour la vie (I935), and there is no need to repeat it here.
THE BIOCOENOSIS AS AN ORGANIZED UNIT
I. The recognition of the existence in nature of communities of living organisms or "biocoenoses" probably dates back to the ancient Greeks. In the modern period many botanists endeavored to understand the mutual relations among plants, and the following definition, due to M6bius (I877), is frequently quoted in hydrobiology:
The turning point in the history of biocoenology has been the publication of numerous botanical investigations at the close of the last and the beginning of the present century, which demonstrated that the vegetable covering of the earth is divided into natural units of structure or associations. The establishment of a definable unit has automatically led to greater precision of observation and of thought.
If the significance of the biocoenosis as a unit of structure in the living cover of the earth (including animals and plants) does not leave any room for doubt, the degree of organization of this unit is far from being definitely understood. Morphological observations on the structure of biocoenoses show that the latter are characterized by a definite tectological composition and by a definite "texture." In other terms they consist of definite elements in a fixed numerical relation with each other. Elton (I933) remarks, for instance, that the total number of species in an association is a fixed one, and is determined by some important principle. The limitation of the number of species (of which we will become convinced further on) is apparently connected with the limited number of the "ecological niches" which can be utilized by different species without expelling one another, as the number of species saturating the habitat is greater in a more diverse environment. Consequently a biocoenosis consists of only a part of the forms that could potentially enter into its composition. It is already organized in the sense that its membership is a limited one.
The general criterion of an "organized" system is the presence of firmly established relations maintained by regulation and we will evidently have to decide by means of some kind of dynamic method whethet or not this definition holds true for the biocoenosis. Do i.e. they are rare. As the order of the class of frequency rises the number of species belonging to it decreases and reaches a minimum in the fourth class (6o-8o per cent) and then rises again in the fifth class (8o-ioo per cent), attaining a second maximum on the greatest frequencies (Fig. 3) . In this manner it becomes possible to separate out of the whole mass of species in the biocoenosis a certain definite group of the most frequent ones which Du Rietz (i91i) calls the constants of the association. The size of the sample plot upon which these species attain a frequency of 90-i00 per cent is called the minimum area. In a "real" association, according to Du Rietz, the number of "constant" species (with a frequency of 90-I00 per cent) is considerably greater than the number of species in the middle classes of the frequency scale. In artificial "mixtures," on the contrary, it is the great number of species in the middle classes of the scale that is peculiar. In other terms in a "real" (or, evidently, in an "organized") biocoenosis the predominating part of the biomass belongs to a separated group of frequent or constant species. This is due to the fact that the organized association is the product of a long process of struggle for existence and of mutual aid. Here survived a few species or combinations of species that are more successfully adapted to particular ecological niches of the habitat and they constitute the basic biomass of the association. There is evidently no such structure in an unorganized mixture. Thus, according to Du Rietz, we can consider the structure of the association as the outcome of a long process of competition and selection.
4. We will soon see that the presence of a definite structure in the biocoenosis may or may not correspond to a state of organi- species belonging to this class. It is often supposed (Gleason, i9z9; Beklemishev, I93I) that this relation is of a simple statistical character. In other words the greater the class of abundance the less numerous is the number of species belonging to this class, and in this way no natural separation of a group of abundant species can be observed. However, it is not difficult to see that the situation frequently differs. In Figure 4 are given the curves we have constructed on the basis of the data of Beklemishev and his collaborators (I93i).
The curve (i) shows the distribution of z6 species of forest mites in the classes of abundance in the lichen stratum of Pinetum-association, and curve (z) that of 2.3 species of plants in the association of Filipenduletum. In both cases the sharp separation of two types of species-the abundant and the rarer onesis quite apparent. The total population is sharply divided into two categories: the numerically dominant species and the non-dominant ones, represented by a small number of individuals. Consequently we arrive here at a conclusion corresponding to that of Du Rietz-the basic biomass of the biocoenosis belongs to a few dominant , I933) show that the process of development of such a biocoenosis falls pretty regularly into two periods: a period of accumulation with a simultaneous growth of all the principal components of the biocoenosis, and a later period of reconstruction, when under the influence of competition and of other biocoenotic relations a part of the components is suppressed and begins to diminish in number whilst others develop in even greater abundance (Fig. 6) . However, in fresh waters of our latitude a final stabilization of the system is never attained. Having reached a certain stability it continues uninterrupted alteration under the influence of variation of the external medium and finally dies off almost completely in the winter period. It is therefore easy to understand why the idea of will discuss here some of the results obtained. Table i He writes: "M. Beijerinck's view of the condition of associations of bacteria responsible for the production of commercial preparations of soured milk may be expressed by saying that these associations are in unstable equilibrium. On account of this instability it is not possible to continue inoculation of fresh milk from a properly soured sample indefinitely; after a very few transfers the balance has been so much disturbed that an undesirable product results from fermentation. Commercial quantities of yoghurt are therefore made from continually renewed mixtures of the single species, which' are maintained in pure cultures in milk." or else (X) to a stabilization, that is to the establishment of a stable combination of the two components. Both theory and experiment show that a complete expulsion of the less adapted species by the better adapted one can only take place in the case of two species belonging to the same ecological niche in the habitat. The stabilization which interests us more immediately can take place in the case of each of the species possessing an advantage in its own ecological niche (a "twoniches" stabilization) or in the case of a mutual (or a one-sided) help between the species (symbiotic stabilization). If we write a theoretical equation of the interaction between the species in such a case we will come to the following conclusion. The process of interaction between the first species (Ni) and the second (N2) will lead to a stable mixed population which will be dynamically maintained. This can be easily seen on the graph with N1 plotted on the abscissae and N2 on the ordinates (Fig. 8) . This stable population (A) will represent a "knot" as the mathematicians call it. In other words all the curves of the interaction between species will meet in this point. If we begin with small concentrations of both species (a) they will increase until reaching "stable" values (A). If we now destroy the equilibrium artificially by Observations of this kind are well known to ecologists. In the population of glass plates, for instance, it may be observed that certain forms enter into a "young biocoenosis" and occupy in it a corresponding place (N2 enters readily when N1 is not numerous), but can scarcely enter into an "older biocoenosis" (a great deal of N1), as Karsinkin (I93 6, in press) remarks. This can also be compared to the facts of an incomplete regeneration of climaxes in the plant associations (Ilinsky and Pozelsky, i929).
Usually certain species cannot regain possession of the places that they occupied before. An examination of Table z enables us to conclude that in a young immature biocoenoses (fourth and sixth days) there is no sharp separation into individualized types at different pH, and the differences between the types are continuous. This is illustrated by Figure io which shows that on the sixth day the densities of P. bursaria and of Halteria do not form any distinct types on the pH scale, and that no sharp differences exist between "phosphateless" and "phosphate" cultures. An entirely different picture is to be seen in mature biocoenoses (sixteenth day). They are separated into two sharply individualized types-the phosphateless (pH = 7.9) and the phosphate ones. A very strong increase in the concentration of the latter scarcely alters the type of the biocoenosis. Thus we have evidence of the formation of individualized units resulting from the process of development.
Turning to a more detailed analysis of the results we must point out that KH2PO4 together with a change of pH exhibits an additional specific effect on the protozoa (Beers, I933 and Gause, I934).
In our experiments there took place a strong depression of Holosticha by the phosphate In order to obtain an idea on distribution of the biomass between the separate species at different stages of growth of the biocoenosis we measured the species under the microscope and calculated their volumes (Table 4 ). These data have only the character of a very first approximation to the biomasses, as with differences of shape in the species a calculation of their volumes cannot be a very exact one. With the aid of these coefficients we can see that the surplus of biomass of P. bursaria in the biocoenosis with pH = 7.6 as compared to pH = 7.9 coincides almost completely with the deficiency in the biomass of Holosticha and Halteria. If we take the mean data for the fifteenth and sixteenth day we obtain: (i) an excess of P. bursaria: 67.5 X 0.405 = 27.3 and (z) a deficiency of Holosticha and Halteria: Z 30 X 0.098 + 235 X 0.036 = 30.95. Therefore from the view-point of biomass these components mutually replace one another. An exact coincidence is hardly to be expected here owing to the approximate calculation of the volumes and the differences in productivity of formation of the biomass by different species at the expense of the same food material (Gause, I934). If we turn now to the distribution of biomass between the different species (Table 5) and of abundant species occupying the fundamental ecological niches (6.i6; i. 55; 9.37). Therefore one can succeed in observing under experimental conditions the appearance of the structural properties of the biocoenosis which are usually men-tioned in field observations. We can only remark that such a structural property is not always proof of the maturity and stability of the system. We have already had an occasion to point out that in the population of glass plates in the lake there is a very abundant fixation (and growth) of the components which will not be able afterwards to survive in the competition, and thus a structure may arise even in an immature system.
We can endeavor to summarize briefly our review by pointing out that the fundamental problems raised by field investigations-the regulation of a stable combination of species and the separation of the biocoenoses into individualized natural constructive unities or types in spite of an uninterrupted change in the external conditions-can be successfully analyzed with the aid of the experimental method. The great potentialities of this method for the future of biocoenology admit of no doubt.
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